Background Whether total extraperitoneal inguinal hernia repair (TEP) is associated with worse outcomes than transabdominal preperitoneal inguinal hernia repair (TAPP) continues to be a matter of debate. The objective of this large cohort study is to compare outcomes between patients undergoing TEP or TAPP. Methods Based on prospective data of the Swiss association of laparoscopic and thoracoscopic surgery, all patients undergoing unilateral TEP or TAPP between 1995 and 2006 were included. The following outcomes were compared: conversion rates, intraoperative and postoperative complications, duration of operation. Results Data on 4,552 patients undergoing TEP (n = 3,457) and TAPP (n = 1,095) were collected prospectively. Average age and American Society of Anesthesiologists score were similar in the two groups. Patients undergoing TEP had a significantly higher rate of intraoperative complications (TEP 1.9 % vs. TAPP 0.9 %, p = 0.029) and surgical postoperative complications (TEP: 2.3 % vs. TAPP: 0.8 %, p = 0.003). The postoperative length of stay was longer for patients undergoing TAPP (2.9 vs. 2.3 days, p = 0.002), whereas the duration of the operation was longer for TEP (66.6 vs. 59.0 min, p \ 0.001) and the conversion rate was higher (TEP 1.0 % vs. TAPP 0.2 %, p = 0.011). Conclusions This study is one of the first populationbased analyses comparing TEP and TAPP in a prospective cohort of more than 4,500 patients. Intraoperative and surgical postoperative complications were significantly higher in patients undergoing TEP. TEP is also associated with longer operating times and higher conversion rates. Therefore, on a population-based level, the TAPP technique appears to be superior to the TEP repair in patients undergoing unilateral inguinal hernia repair.
Introduction
Inguinal hernia is a common surgical problem, with more than 800,000 repairs in the United States per annum [1] . Over the past two decades, laparoscopic inguinal hernia repair has become more and more popular. Several surgical techniques have been developed over the past years, and total extraperitoneal (TEP) and transabdominal preperitoneal inguinal hernia repair (TAPP) are the endoscopic techniques that are most commonly used.
Widely accepted indications for endoscopic inguinal hernia repair are hernia recurrence, particularly following an initially performed open repair, and bilateral hernias [2] . Increasingly, however, endoscopic techniques are chosen as the primary treatment of choice for inguinal hernia as these techniques seem to be advantageous compared to conventional open repair owing to the smaller incisions with less postoperative pain and faster recovery [3] .
With the TAPP technique, the mesh is placed between the abdominal wall and the peritoneum in the preperitoneal space. This method necessitates access to the abdominal cavity, which inevitably endures all the risks of an intraperitoneal approach, including involuntary injury of the abdominal organs. In contrast, the TEP technique creates a preperitoneal space without entering the abdominal cavity, although abdominal organs attached to the peritoneum by adhesions remain at potential risk of injury. Preparation in the preperitoneal space using the TEP technique is often depicted as being more complex, as anatomic landmarks are difficult to identify compared to the TAPP technique. This is reflected in the very large number of (approximately 200-300) interventions needed to achieve an acceptable threshold of complications and recurrence rates [4] . Although these numbers tend to be lower for the TAPP technique, both laparoscopic hernia repair methods have a longer learning curve than standard open repair [5, 6] .
We have previously reported our data on unilateral and bilateral inguinal hernia repair using the TEP approach and found that bilateral TEP can be performed with outcomes similar to those achieved with unilateral TEP [7] . However, whether the outcomes of the TEP or the TAPP repair differ with regard to intraoperative or postoperative complications, length of postoperative hospital stay, duration of operation, or conversion rates remains unclear, and population-based data in literature are inconsistent.
The objective of the present investigation was to compare, on a population-based level, short-term outcomes after TEP versus TAPP in more than 4,500 patients undergoing inguinal hernia repair.
Materials and methods
The analysis was based on data from the Swiss Association of Laparoscopic and Thoracoscopic Surgery (SALTS) database, a prospective database of patients undergoing laparoscopic procedures in Switzerland.
Inclusion and exclusion criteria
Between 1995 and 2006 all patients aged C18 years requiring elective unilateral TEP or TAPP for an inguinal hernia were included in the present study. Patients with bilateral or recurrent hernias were excluded. All data were prospectively collected and entered in a centralized database (Qualicare; Qualidoc, Liebefeld-Bern, Switzerland) by a data manager who works independently from the authors of this study. Missing values from the data sheets were obtained by the data manager. Baseline demographics were extracted, as were data regarding the following clinical outcomes: conversion rate; intraoperative and postoperative surgical complications (e.g., wound infection, hematoma); general postoperative complications (e.g., pneumonia, urinary tract infection, pulmonary embolism); length of operation; postoperative length of hospital stay (LOS).
Statistical analysis
All statistical computations were carried out by an experienced statistician (L.R.). Outcomes were summarized using the mean or median and standard deviation (for continuous variables) or proportions (for categorical variables). For continuous outcomes, mean differences between TAPP versus TEP were tested using a two-sample t test. Categorical variables and rates were tested for differences using a v 2 test. Multivariable-adjusted analyses were performed on the following outcomes: intraoperative complications, postoperative surgical complications (e.g., bleeding, surgical site infection), general postoperative complications (e.g., pneumonia, urinary tract infection), conversion rates, postoperative LOS, operating time. Complications and conversion rate outcomes were modeled using logistic regression. For intraoperative and postoperative complications, the event of the univariate and multivariable analysis for each outcome was defined as the presence of one or more complications. Duration of operation was dichotomized such that the outcome was defined as being in the upper quartile (above the 75th percentile) of the distribution. Postoperative LOS was modeled using a linear regression analysis. All multivariable models were adjusted for age, sex, and American Society of Anesthesiologists (ASA) score. A p value of B0.05 was considered statistically significant. All statistical tests were two-sided, and all statistical analyses were performed using SAS version 9.1 (SAS Institute, Cary, NC, USA).
Results
Between 1995 and 2006, a total of 4,552 patients underwent elective unilateral TEP (n = 3,457) or TAPP (n = 1,095) for inguinal hernia. Of these, 4,233 (93 %) patients were male (94.6 % in the TEP group, 88.0 % in the TAPP group). Mean age in the TEP group was 53.6 years and 54.9 years in the TAPP group (p = 0.009). Mean ASA score was 1.4 for both groups. Baseline demographics are provided in Table 1 .
Patients undergoing TEP had a statistically significant increased rate of intraoperative complications (TEP 1.9 % vs. TAPP 0.9 %; p = 0.029) and postoperative surgical complications (TEP 2.3 % vs. TAPP 0.8 %; p = 0.003).
General postoperative complications were not statistically different between the two methods (TEP 0.7 % vs. TAPP 0.4 %; p = 0.195). Intraoperative and postoperative mortality was zero in both groups. The average duration of the operation was longer for patients undergoing TEP than for those with TAPP (66.6 vs. 59 min, respectively; p \ 0.001), and conversion rates were higher (TEP 1.0 % vs. TAPP 0.2 %; p = 0.011). Postoperative LOS was significantly longer for patients undergoing TAPP than for those with TEP (2.9 vs. 2.3 days, p = 0.002).
Unadjusted and risk-adjusted comparisons of the various outcomes analyzed are displayed in Tables 2 and 3 , respectively.
Discussion
The findings from the present study demonstrate that both endoscopic hernia repair methods, TAPP and TEP, are safe, feasible, and associated with a low postoperative morbidity rate for the repair of primary unilateral inguinal hernia. However, on a population-based level (sample size of more than 4,500 patients), TAPP is statistically superior to TEP for all evaluated variables except postoperative LOS and general postoperative complications. For the individual patient, however, these differences are likely to be of minor relevance as reflected in the high numbers needed to treat (Table 2) .
A systematic Cochrane database review from 2005 comparing TAPP to TEP was unable to provide a conclusive answer with regard to the superiority of either technique owing to the lack of reliable data [8] , with only one randomized controlled trial [9] and nine other nonrandomized observational studies included in the analyses [10] [11] [12] [13] [14] [15] [16] [17] . Also, the randomized controlled trial conducted by Schrenk et al. [9] is limited by the small patient numbers: TAPP, n = 28; TEP, n = 24. In their investigation, as in our study, operating times were slightly longer in the TEP group.
A recent study from China by Gong et al. [18] compared the open tension-free mesh plug technique with the TAPP and TEP techniques for primary unilateral inguinal hernia repair based on 164 patients. In their study, operating times were decidedly longer (79 min for TEP, 76 min for TAPP) than in our patient cohort. A subanalysis of this investigation revealed no significant differences between TAPP and TEP regarding duration of operation, intraoperative bleeding, postoperative pain, complications, recurrence, and LOS or recovery. Our reported postoperative complication rates of well below 5 % are comparable to most studies in the literature [19, 20] , although they are much lower compared to those reported in the Gong study (12.0 % for the TAPP group and 13.5 % for the TEP group) [18] .
Contrary to our current data, a large study by Felix et al. [11] from the mid-1990s showed significantly more major complications in the TAPP group than in the TEP group. A total of 866 patients underwent 1,115 endoscopic hernioplasties (733 TAPP, 382 TEP) with 11 patients suffering major complications (two recurrences, six trocar hernias, one small-bowel obstruction, one trocar injury one dissection injury of the small bowel) in the TAPP group compared to only one recurrence and no intraperitoneal complications in the TEP group. With recovery time not differing between the both groups, the authors advocate that TEP repair is superior to TAPP. It is crucial, however, to interpret this study with caution as the procedures were performed during the mid-1990s when both techniques were still new and many surgeons were at the beginning of their learning curve. In our study unadjusted and risk-adjusted analyses of conversion rates revealed significantly higher rates for the TEP group, as is reflected by a high odds ratio ( [5) . The finding of a higher conversion rate in the TEP group can be explained by the easier identification of anatomic structures and landmarks with the TAPP technique. The odds ratio of five was nevertheless unexpected. Interestingly, conversion rates in the literature are higher for the TEPP technique than in our investigation. Cohen et al. [10] and Van Hee et al. [14] reported conversion rates of 4 % and 7 %, respectively. The rates are much higher than in our group, again probably because these studies result from the late 1990s, when the TEP technique was rather new.
Strengths and limitations
The main limitation of our study is the lack of long-term outcomes, including data on the incidence of hernia recurrence, long-term pain, or degree of patient satisfaction with TEP or TAPP. Furthermore, the SALTS data set does not provide accurate information on the grading (severity) of the complications.
Our study has a number of strengths. First, the large sample size confers a high degree of statistical power for detecting relevant differences. Second, the data were gathered prospectively and queried for incomplete values, so it has virtually no missing data. Finally, although we examined only patients treated in Switzerland, we believe the results of this population-based study can be extrapolated to other countries with high standards of laparoscopic surgical technique [21, 22] .
Conclusions
To our knowledge, this study is among the first populationbased analyses comparing outcomes of patients undergoing TEP and TAPP in a large prospective cohort. Intraoperative and surgical postoperative complications were significantly higher in patients undergoing TEP. Moreover, TEP is associated with longer operating times and higher conversion rates. Therefore, on a population-based level, the TAPP technique appears to be superior to the TEP repair in patients undergoing unilateral inguinal hernia repair. 
